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(57) ABSTRACT 

A hearing aid device of the type having a ?rst and second 
port for receiving sound to the device. The hearing aid 
device includes a sWitch assembly operable to sWitch 73 As ' : Siemens Hearin Instruments Inc. 

( ) slgnee g ’ betWeen a ?rst mode and a second mode of operation, such 

(21) APPL NO: 10/178 579 as directional and omni-directional. The device further 
’ includes a microphone component having a front chamber, 

(22) Filed; Jun_ 24, 2002 a rear chamber, a front inlet, a rear inlet, and an extra inlet. 
In the ?rst mode the front inlet receives sound channeled 
from the front port, the rear inlet is blocked, and the extra 

Related US, Application Data inlet receives sound channeled from the front port to alloW 
sound pressure to excite the rear chamber. In the second 
mode the extra inlet is blocked, the rear inlet receives sound 

(60) Provisional application No. 60/366,414, ?led on Mar. channeled from the second port, and the front inlet receives 
21, 2002. sound channeled from the front port. 
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DIRECTIONAL MICROPHONE HEARING AID 
SYSTEM 

[0001] This patent application claims priority to provi 
sional application, serial No. 60/366,414, ?led Mar. 21, 
2002, entitled “A Directional Microphone Hearing Aid 
System.” 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The invention relates to hearing aids, and more 
particularly to directional hearing aids. 

[0004] 2. Description of the Prior Art 

[0005] Conventional hearing aids comprise a single omni 
directional microphone that ampli?es sounds substantially 
equal from all directions. It is often dif?cult for an omni 
directional hearing aid Wearer to distinguish betWeen a 
speaker’s voice and background noise. Directional hearing 
aids have therefore been developed that accentuate a speak 
er’s voice over background noise. 

[0006] Directional microphones, although suitable for iso 
lating a speaker’s voice, typically have signal-to-noise ratios 
less than that of omni-directional microphones. In environ 
ments With little background noise, an omni-directional 
microphone is more desirable for a Wearer. Therefore, hear 
ing aids have been developed that include both an omni 
directional and directional microphone Wherein a Wearer 
sWitches betWeen the tWo modes as desired. 

[0007] Hearing aids containing both an omni-directional 
microphone and a ?rst order directional microphone typi 
cally have loWer sensitivity in the directional mode and are 
larger compared to hearing aids containing only an omni 
directional microphone. These dual mode hearing aids gen 
erally have tWo separate microphone cartridges and a sepa 
rate toggle sWitch. The total space occupied by these 
components limits their use to users With ears large enough 
to accommodate the devices. An unfortunate result is that 
children often cannot make use of these larger devices. 

[0008] Directional mode performance can be further 
improved by a device containing an omni-directional micro 
phone and a second order directional microphone. Such 
devices include three separate microphones, limiting further 
the number of people Who can be ?tted With the devices. 

[0009] Users of dual-mode hearing aid devices usually 
notice a difference in audio signal quality betWeen the 
directional and omni-directional modes due to the loWer 
sensitivity of a directional microphone at loW frequencies 
compared to that of the omni-directional microphone. As 
used herein, “loW frequency” is a frequency of beloW 
approximately 1000 HZ.) 

[0010] Accordingly, the hearing aid industry seeks 
reduced siZed hearing aids With improved sensitivity having 
omni-directional and directional functionality. 

SUMMARY OF THE INVENTION 

[0011] Embodiments of the invention include a hearing aid 
device of the type having a front port and rear port for 
receiving sound to the device. The hearing aid device 
includes a sWitch assembly operable to sWitch betWeen a 
?rst mode and a second mode of operation, such as direc 
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tional and omni-directional. The device further includes a 
microphone component having a front chamber, a rear 
chamber, a front inlet, a rear inlet, and an eXtra inlet. In the 
?rst mode the front inlet receives sound channeled from the 
front port, the rear inlet is blocked, and the eXtra inlet 
receives sound channeled from the front port to alloW sound 
pressure to eXcite the rear chamber. In the second mode the 
eXtra inlet is blocked, the rear inlet receives sound channeled 
from the rear port, and the front inlet receives sound 
channeled from the front port. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The invention is best understood from the folloW 
ing detailed description When read With the accompanying 
draWings. 
[0013] FIG. 1 depicts a cross-sectional vieW of a hearing 
aid according to an illustrative embodiment of the invention. 

[0014] FIG. 2 depicts microphone component inlets 
according to an illustrative embodiment of the invention. 

[0015] FIG. 3 depicts a second order hearing aid device 
according to an illustrative embodiment of the invention. 

[0016] FIG. 4 depicts microphone component inlets for a 
second order hearing aid device according to an illustrative 
embodiment of the invention. 

[0017] FIG. 5 depicts a hearing aid device according to a 
further illustrative embodiment of the invention. 

DETAILED DESCRITION OF THE INVENTION 

[0018] The hearing aid device in accordance With an 
embodiment of the present invention includes a microphone 
component having directional and omni-directional func 
tionality. Inlets into the microphone component are either 
open or closed to provide or block sound pressure to 
chambers of the microphone component. By regulating to 
Which chambers sound pressure is channeled it is possible to 
have similar sensitivity at loW frequencies in the omni 
directional mode as compared to the directional mode. A 
sWitch assembly sWitches betWeen the directional and omni 
directional modes in conjunction With opening and closing 
the inlets. 

[0019] The con?guration of an illustrative embodiment of 
the inventive hearing aid Will ?rst be described, folloWed by 
a description of its operation. 

[0020] FIG. 1 depicts a cross-sectional vieW of a hearing 
aid device according to an illustrative embodiment of the 
invention. A microphone component 102 is at least partially 
embedded in a faceplate 104. In an eXemplary embodiment, 
microphone component 102 is in cartridge form. Inlets to 
microphone component 102 are on a microphone component 
surface 106. (FIG. 2 provides further details of the inlets.) 
The illustrative eXample depicted in FIG. 1 has surface 106 
perpendicular to the plane of the page. Surface 106, hoW 
ever, may be any surface of microphone component 102 on 
Which inlets may be positioned. 

[0021] Afront port 108 and a rear port 110 are positioned 
in faceplate 104 to alloW sound to travel to the microphone 
component inlets. (The terms “front” and “rear” are used 
herein to facilitate understanding of the invention because 
they are conventional terms. The terms, hoWever, do not 
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limit the invention to particular relative con?gurations.) The 
distance betWeen the front and rear ports is preferably in a 
range of about 5 mm to about 12 mm 

[0022] Valves 112 and 114 operate to open or block 
microphone component inlets to provide or block sound 
pressure to chambers of microphone component 102. Chan 
nels 116 and 118 eXtend betWeen ports 108 and 110 and the 
microphone component inlets. 

[0023] SWitch assembly 120 includes a sWitch 124, a ?rst 
valve 112 and a second valve 114 operable to open and block 
microphone inlets. SWitch assembly 120 may be at least 
partially embedded in faceplate 104. Preferably sWitch 124 
is a toggle sWitch. 

[0024] FIG. 2 depicts an exemplary microphone compo 
nent surface. The microphone component’s front chamber 
210 can be separated from the microphone’s rear chamber 
212 by a membrane 214. Membrane 214 may be of any 
material compatible With the functioning and fabrication of 
the microphone component. FIG. 2 depicts a front inlet 208, 
a rear inlet 206, and an eXtra inlet 204. Rear inlet 206 and/or 
eXtra inlet 204 preferably has an acoustic resistor, such as 
acoustic mesh, through Which sound travels, depicted as 
cross-hatching in FIG. 2. The area of eXtra inlet 204 is 
preferably in a range of about 0.05 mm2 to about 2.0 mm2. 

[0025] By vieWing FIG. 2 in conjunction With FIG. 1, the 
operation of valves 112 and 114 With respect to inlets 206, 
208 and 204 can be understood. In an eXemplary embodi 
ment, an omni-directional mode can be achieved by closing 
valve 114 to obstruct rear inlet 206, and opening valve 112 
to alloW sound to be channeled from front port 108 to eXtra 
inlet 204. Extra inlet 204 is also open to sound channeled 
from front port 108 in the omni-directional mode to provide 
more uniform sensitivity betWeen the omni-directional and 
directional modes. As more uniform sensitivity betWeen the 
modes is achieved, hearing comfort is typically improved. 

[0026] To achieve a directional mode, valve 114 is open to 
alloW sound to be channeled to rear inlet 206 from rear port 
110, and valve 112 is closed, blocking eXtra inlet 204. Front 
inlet 208 also remains open to sound channeled from front 
port 108 in the directional mode. 

[0027] Inlets 206, 208 and 204 are preferably located on 
the same face of the microphone component. Locating them 
on the same face of the assembly may be advantageous by 
reducing device siZe, and improving directionality, sensitiv 
ity and signal-to-noise ratio. 

[0028] Sensitivity improvements resulting from the opera 
tion and con?guration of the inventive hearing aid device are 
estimated to be in the range of about 1-4 dB. 

[0029] Embodiments of the invention may be used for 
various types of hearing aid devices, for eXample, in the ear 
(ITE), in the canal (ITC), half shell (HS), and behind the ear 
(BTE) devices. Various circuit types may also be used With 
the inventive hearing aid device, including, for eXample, 
analog and digital circuits. 

[0030] FIG. 3 depicts a hearing aid device With a second 
order directional/omni-directional microphone according to 
an illustrative embodiment of the invention. TWo micro 
phone components 302 and 304 are at least partially embed 
ded in a faceplate 316, and may be con?gured to share a 
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middle port 306. Microphone component 302 also utiliZes 
port 308, While microphone component 304 utiliZes port 
310. 

[0031] FIG. 4 depicts an illustrative embodiment of a 
second order directional hearing aid microphone component 
surface 400. The second order directional microphone 
includes tWo ?rst order directional microphone components 
412 and 414. Surface 400 contains a front inlet 402, an eXtra 
inlet 404 and a rear inlet 406, all to ?rst order directional 
microphone component 412. Surface 400 further includes a 
front inlet 408 and a rear inlet 410, both to ?rst order 
directional microphone component 414. 

[0032] By vieWing FIG. 3 in conjunction With FIG. 4, 
operation of the hearing aid device With the second order 
microphone may be understood. SWitch 314 can be used to 
operate valves 312 and 320, thereby opening and blocking 
inlets 402 and 406. In a ?rst mode, such as an omni 
directional mode, only microphone component 302 is used. 
In the omni-directional mode, rear inlet 406 is blocked While 
inlets 402 and 404 are open. In the omni-directional mode, 
microphone component 304 is disconnected from an elec 
tronic circuit by electrical sWitch 318. SWitching off second 
microphone 304 may be accomplished by a toggle sWitch 
314 for eXample. In a second order, directional mode, both 
microphone components 302 and 304 convert a sound 
pressure signal into electrical signals, Which can be pro 
cessed by a special electronic circuit that includes a sub 
traction and a delay function. 

[0033] A hearing aid device having a second order direc 
tional/omni-directional microphone con?gured as in FIG. 3 
or having an equivalent con?guration, Will likely require 
less space compared to conventional devices that include 
three microphone components. 

[0034] FIG. 5 depicts a hearing aid device according to a 
further embodiment of the invention. Microphone compo 
nent 502 is operatively connected to a sWitch assembly 510, 
such as that depicted in FIG. 1 or 3 so that the microphone 
component can be sWitched betWeen a ?rst mode and a 
second mode. An electric circuit 504 is operatively con 
nected to the microphone component. The electronic cir 
cuitry processes a signal from the microphone component 
representing the received sound. A receiver 506 is opera 
tively connected to electric circuit 504. Microphone com 
ponent 502 may be, for eXample, the kind depicted in FIG. 
1 or 3. A housing 508 surrounds microphone component 
502, electric circuit 504 and receiver 506. A faceplate, such 
as that depicted in FIG. 1 as part 104, may be mounted on 
housing 508 to accommodate microphone component 502. 
Housing 508 may be siZed to ?t Within the ear of a hearing 
aid user. The housing may also be con?gured to be com 
patible With ITC, HS, and behind the ear BTE use. 

[0035] While the invention has been described by illus 
trative embodiments, additional advantages and modi?ca 
tions Will occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to speci?c 
details shoWn and described herein. Modi?cations, for 
eXample, to the layout of the hearing aid device components 
and their spacing, may be made Without departing from the 
spirit and scope of the invention. Accordingly, it is intended 
that the invention not be limited to the speci?c illustrative 
embodiments, but be interpreted Within the full spirit and 
scope of the appended claims and their equivalents. 
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1. Ahearing aid device of the type having a front and rear 
port for receiving sound to the device, the hearing aid device 
comprising: 

a sWitch assembly operable to sWitch betWeen a ?rst mode 
of operation and a second mode of operation; and 

a microphone component having: 

a front chamber; 

a rear chamber; 

a front inlet; 

a rear inlet; and 

an eXtra inlet; Wherein 

in the ?rst mode the front inlet receives sound 
channeled from the front port, the rear inlet is 
blocked, and the eXtra inlet receives sound chan 
neled from the front port to alloW sound pressure 
to eXcite the rear chamber. 

in the second mode the eXtra inlet is blocked, the rear 
inlet receives sound channeled from the rear port, 
and the front inlet receives sound channeled from 
the front port. 

2. The hearing aid device of claim 1 Wherein the front 
inlet, rear inlet and eXtra inlet are located on the same face 
of the microphone component. 

3. The hearing aid device of claim 1 Wherein the sWitch 
assembly comprises a toggle sWitch. 

4. The hearing aid device of claim 1 Wherein the sWitch 
assembly comprises: 

a front valve operable to block the front inlet; and 

a rear valve operable to block the eXtra inlet. 

5. The hearing aid device of claim 1 Wherein the micro 
phone component is positioned at least partially Within a 
faceplate 

6. The hearing aid device of claim 1 Wherein channels 
connecting the inlets to the ports are at least partially Within 
the faceplate. 

7. The hearing aid device of claim 6 Wherein the channels 
connecting the inlets to the ports are completely Within the 
faceplate. 

8. The hearing aid device of claim 1 Wherein the sWitch 
assembly is at least partially in the faceplate. 

9. The hearing aid device of claim 1 Wherein sound 
channeled through the eXtra inlet passes through an acoustic 
resistor. 

10. The hearing aid device of claim 1 Wherein sound 
channeled through the rear inlet passes through an acoustic 
resistor. 

11. The hearing aid device of claim 1 Wherein sound 
channeled through the eXtra inlet and the rear inlet passes an 
acoustic resistor. 

12. The hearing aid device of claim 1 Wherein the area of 
the eXtra inlet is a range of about 0.05 mm2 to about 2 mm2. 

13. The hearing aid device of claim one Wherein the 
distance betWeen the front port and rear port is in a range of 
about 5 mm to about 12 mm. 

14. The hearing aid device of claim 1 further comprising 
a second microphone component Wherein the second micro 
phone component is inactive in the second mode. 
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15. The hearing aid device of claim 1 further comprising 
a second microphone component Wherein the ?rst and 
second microphone components are activated in the ?rst 
mode. 

16. The hearing aid device of claim 1 further comprising 
a second microphone component Wherein the ?rst micro 
phone component and second microphone component share 
a port. 

17. The hearing aid device of claim 1 further comprising: 

a housing for containing the microphone component; 

electronic circuitry for processing a signal from the 
microphone component representing the received 
sound; 

the housing having a faceplate mounted thereon; and 

the housing being siZed to ?t Within the ear of a hearing 
aid user and containing the microphone component. 

18. A hearing aid device of the type having a front port 
and a rear port for receiving sound to the device, the hearing 
aid device comprising: 

a sWitch assembly comprising a toggle sWitch operable to 
sWitch betWeen a directional mode and an omni-direc 
tional mode; and 

a microphone component positioned at least partially 
Within the faceplate, the microphone component com 
prising: 

a front chamber; 

a rear chamber; 

a front inlet; 

a rear inlet; and 

an eXtra inlet; 

Wherein the front inlet, rear inlet and eXtra inlet are 
located on the same face of the microphone com 
ponent; 

Wherein in the omni-directional mode the front inlet 
receives sound channeled from the front port, and 
the eXtra inlet receives sound channeled from the 
front port to alloW sound pressure to eXcite the 
rear chamber; and 

Wherein in the directional mode the eXtra inlet is 
blocked, the rear inlet receives sound channeled 
from the rear port, and the front inlet receives 
sound channeled from the front port. 

19. The hearing aid device of claim 18 Wherein the sWitch 
assembly comprises: 

a front valve operable to block the front inlet; and 

a rear valve operable to block the eXtra inlet. 

20. The hearing aid device of claim 18 further comprising 
a second microphone component Wherein the second micro 
phone component is inactivated in the omni-directional 
mode. 

21. The hearing aid device of claim 18 further comprising 
a second microphone Wherein in the directional mode the 
?rst and second microphone components are activated. 
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22. The hearing aid device of claim 18 further comprising 
a second microphone component Wherein the ?rst micro 
phone component and second microphone component share 
a port. 

23. The hearing aid device of claim 18 further comprising: 

a housing for containing the microphone component; 

electronic circuitry for processing a signal from the 
microphone component representing the received 
sound; 

the housing having a faceplate mounted thereon; and 

the housing being siZed to ?t Within the ear of a hearing 
aid user and containing the microphone component. 

24. A hearing aid device of the type having a front port 
and a rear port for receiving sound to the device, the hearing 
aid device comprising: 

a means for sWitching betWeen an omni-directional mode 
of operation and a directional mode of operation; 
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a microphone means for amplifying sound in an omni 
directional manner and a directional manner; and 

a means for balancing sound pressure betWeen chambers 
of the microphone means to reduce microphone means 
sensitivity at loW frequencies in the omni-directional 
mode. 

25. Aprocessing method for use by a hearing aid device 
of the type having a front port and a rear port for receiving 
sound to the device, comprising the steps of: 

sWitching betWeen an omni-directional mode of operation 
and a directional mode of operation; 

amplifying sound in an omni-directional manner and a 
directional manner; and 

balancing sound pressure betWeen chambers of the micro 
phone means to reduce microphone means sensitivity at 
loW frequencies in the omni-directional mode. 

* * * * * 


